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METHOD AND APPARAUTS FOR SYMBOL 
DECODING 

The present invention relates to decoding received sym 
bols in a communications system, and in particular, 
describes a decoding technique using a trellis structure 
Where the number of trellis states or paths retained during 
the decoding process is variable. 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

In coded data communications, encoded symbols are 
transmitted over a communications channel, (e.g., a radio 
frequency communications channel), Which is subject to 
various types of distortion such as co-channel and adjacent 
channel interference, noise, dispersion, fading, Weak signal 
strength, etc. Trellis coding is one technique used to encode 
sequences of symbols to be transmitted, and in the process, 
introduces memory to the transmitted signal. Because of the 
introduced memory, the transmitted signal at any instant of 
time depends on previously transmitted signals. Therefore, 
in order to demodulate the received signal and recover the 
transmitted symbols, the decoding process must be per 
formed taking into account the Whole sequence of symbols. 

The preferred method of symbol sequence decoding is 
maximum likelihood sequence estimation (MLSE) Which 
offers a mechanism for decoding the transmitted signal 
optimally in the sense of minimiZing the probability of error. 
In the MLSE method, the received sequence of signals is 
compared With every possible sequence of symbols that 
could have been transmitted. The particular sequence out of 
all of the possible sequences that best matches the received 
sequence of signals is chosen as the decoded sequence. If the 
length of the transmitted symbol sequence is N symbols long 
and there are Q possible values that each symbol can take, 
then the MLSE pattern matching scheme tries to determine 
the best match from among QN possible sequences. 
HoWever, even for modest values of Q and N, the number of 
potential MLSE search sequences is too complex for imple 
mentation. 

One simpli?ed solution for performing the MLSE search 
is provided by the Well knoWn Viterbi algorithm. To under 
stand the Viterbi algorithm, the search problem is repre 
sented as a method of searching a trellis. FIG. 1 illustrates 
a simple trellis Where each transmitted symbol can take one 
of four values. Each trellis node corresponds to one value of 
the transmitted symbol and is often referred to as a state. At 
each time instant/stage, in the trellis there are four nodes 
de?ning a four-state trellis. The set of nodes repeats for each 
transmitted symbol period. Transitions betWeen nodes are 
called branches, and each branch is associated With a pos 
sible symbol that could have been transmitted. This structure 
of nodes (states) and branches (symbols) de?nes the trellis. 
A metric or Weight is formed for each branch Which 

indicates the likelihood of the symbol corresponding to that 
branch being part of the true received symbol sequence. An 
example of a metric is the squared, absolute difference 
betWeen a received signal sample and a corresponding 
estimate of the sample formed using the symbol associated 
With that branch. This metric is referred to as the squared 
Euclidean distance metric. Alinkage of branches through the 
nodes forms a path. The path With the best accumulated 
metric (i.e., the smallest sum of the branch metrics) is 
chosen, and the symbols corresponding to the branches of 
the chosen path are output as the decoded symbols. 

To streamline the search procedure, the Viterbi algorithm 
retains only the branch into each node/state having the 
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2 
best/optimal (i.e., loWest) metric and discards the remaining 
branches into that node/state. This best branch selection 
procedure signi?cantly reduces the number of possible paths 
through the trellis. Then, from those possible paths, the 
Viterbi algorithm selects the path through the trellis that 
produces the minimum overall distance. Since it is only 
necessary to retain as many paths as there are nodes, i.e., 
there is only one path per state, the paths that remain at each 
state/node are called “survivors”. The Viterbi algorithm is a 
recursive technique that traces an optimal path of survivors 
through the trellis. 
The main problem With the Viterbi algorithm is that its 

complexity groWs exponentially With the number of states 
(memory) of the transmitted, trellis-coded signal. With the 
number of states being expressed as ON and With Q as the 
number of possible values a symbol can take, N represents 
the memory or dependence of a symbol on other symbols. A 
“memory of N” implies that each symbol depends on N 
other symbols, e.g., previous symbols. This complexity can 
be reduced using What is knoWn as the M-algorithm or 
T-algorithm, both of Which further restrict the number of 
states retained for decoding. In the basic M-algorithm, for 
each time instant in the trellis, the number of survivors is 
restricted to a ?xed integer number M. The M-algorithm 
chooses the M most likely states based on the accumulated 
path metrics. The survivor states having larger accumulated 
path metrics are discarded. Another variant of the 
M-algorithm is to retain the best (as de?ned by the accu 
mulated path metrics) M-paths through the trellis rather than 
M states. Hence, the M-algorithm restricts the search 
through the trellis to a ?xed number of states M at any time 
instant in the trellis. Unfortunately, if the selected value for 
M is too small, there is a high probability of retaining the 
Wrong M states for decoding Which results in a high error 
probability. On the other hand, if the selected value of M is 
too large, the decoding procedure becomes unduly complex. 
The T-algorithm retains only those states Which have an 

associated metric that is beloW a predetermined threshold 
(T). Like the M-algorithm, the choice of the ?xed threshold 
T is critical in order to achieve satisfactory performance 
Without undue complexity. In practice, the selection of a 
threshold T for a particular communications application that 
is suitable for all or most conditions encountered in that 
application is quite dif?cult. 
The problem With a ?xed M or a ?xed T is that the 

communications channel, over Which encoded symbols are 
transmitted, received, and then decoded, changes. In radio 
frequency communications, the radio channels exhibit con 
stantly changing parameters because of fading, multipath 
dispersion, adjacent channel interference, co-channel 
interference, noise, etc. In order to compensate for Worst 
case scenarios for a communications channel, the value of M 
for the M-algorithm or the value of T for the T-algorithm 
must be set to a relatively large number in order to have a 
suf?cient number of states available to satisfactorily decode 
the symbols under such Worst case channel conditions. 
HoWever, this is an inefficient decoding approach because 
for a large percentage of the time, the channel condition may 
be quite good, and a much smaller number of states is all that 
is needed to satisfactorily decode the received signal. 
What is needed therefore is a trellis decoding procedure 

With reduced complexity that can adapt the number of 
survivor paths or states in the trellis based upon one or more 
conditions of the communications system. In radio commu 
nication applications, and especially battery operated, por 
table radios, transmit poWer is at a premium. HoWever, 
loWer transmit poWer may result in poor decoding perfor 
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mance at the receiver. There is also a need to reduce the 
transmit power of ?xed transceivers like base station/ 
repeaters to minimize adjacent channel interference. But this 
reduction is only feasible if receivers can accurately and 
ef?ciently decode the signals transmitted at loWer poWer. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a trellis 
decoding method and apparatus With reduced complexity 
and high performance. 

It is an object of the present invention to provide a trellis 
decoding method and apparatus With reduced complexity, 
loW bit error rate, and reduced poWer requirements. 

It is a further object to provide a reduced complexity 
trellis decoder and decoding procedure Which adapts to a 
current condition of the communications system. 

It is yet another object to improve the ef?ciency and 
effectiveness of trellis decoding procedures using antenna 
diversity, frequency hopping, and/or symbol interleaving. 

The present invention provides loW complexity, high 
performance trellis decoding that adapts trellis decoding 
complexity based on a current condition of the communi 
cations system. A trellis structure of nodes and branches is 
developed to decode the sequence of symbols received over 
a communications channel. Each set of nodes in the trellis 
represents all possible values of a received symbol at one 
time instant. Each branch de?nes a speci?c transition 
betWeen nodes at different time instants, and each branch has 
an associated branch Weight. A linkage of branches betWeen 
the nodes and the trellis de?nes a path through the trellis that 
represents one possible symbol sequence, and an accumu 
lated Weight is generated for each possible path through the 
trellis. A variable number M of survivor paths (or states) 
through the trellis is determined based on these respective, 
accumulated path Weights. The value of the variable M 
depends on the current condition of the communications 
system. Once the value of M is adapted to the current 
condition, the sequence of received symbols is trellis 
decoded using the M survivor paths/states. 
A ?rst value of M is selected if the current state of 

communications system condition is less than or equal to a 
threshold. OtherWise, a second value of M less than the ?rst 
value of M is selected if the current status of the commu 
nications system condition is greater than the threshold. In 
one embodiment, the ?rst value of M corresponds to a 
maximum value, and the second value corresponds to a 
minimum value. If after selecting the minimum value of M, 
the current communications system deteriorates to less than 
the threshold, the value of M is increased toWard the 
maximum value in a controlled fashion. In particular, the 
received signal once again is trellis decoded using an 
increased value of M. On the other hand, When the value of 
M is at a maximum and the current communications system 
condition improves and noW exceeds the threshold, the 
value of M is “pruned” or reduced in each successive stage 
of the trellis until it reaches the minimum value (assuming 
the current communications system condition continues to 
exceed the threshold). 

One of the communications system conditions may be the 
quality of the communications channel. Aminimum value of 
M is selected if the current quality of the channel is greater 
than the threshold, otherWise, a maximum value of M is 
selected. Alternatively, the communications system condi 
tion may relate to the complexity of the encoding scheme 
used to encode the symbols to be transmitted. For example, 
a more poWerful coding scheme that has more encoding 
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4 
memory can be used to generate a coded signal. Although 
this typically involves decoding With a large value of M, 
such decoding may be performed in accordance With the 
present invention With a reduced number of states or paths, 
thereby minimiZing decoding complexity. 

Sometimes the trellis decoding procedures are performed 
using data processing circuitry and that data processing 
circuitry usually must perform a number of other tasks in a 
time share relationship, another communications system 
condition relates to the current data processing tasks to be 
performed by the data processing circuitry. The value of M 
is decreased if the current number of additional tasks to be 
performed is relatively large. In this Way, the data processing 
circuitry is relieved of the burden of a complex decoding 
process so that it may devote more processing resources to 
perform the other pending tasks. On the other hand, the 
value of M can be increased, thereby improving the perfor 
mance of the decoder, if the current number of additional 
pending tasks is relatively small. 
When decoder performance is of primary concern, the 

value of M can be varied to maintain a predetermined level 
of decoder performance in response to changes in the quality 
of the communications channel. When M is relatively loW, 
?ll data processing capacity is not consumed by the opera 
tion of the trellis decoder. As a result, the excess data 
processing capacity may be devoted to other tasks having 
loWer priority. In the context of portable, battery-operated 
radios, the value of M may be decreased Whenever consis 
tent With decoder performance objectives in order to reduce 
the number of data processing tasks associated With the 
trellis decoding operation, and thereby, reduce battery drain. 
The present invention may also be applied to a spread 

spectrum type receiver in Which plural encoded sequences of 
symbols transmitted by plural transmitters are received on a 
single communications channel. The value of M may be 
changed in response to changes in the number of interfering 
signals. When satisfactory performance of the decoder is 
degraded because of additional interfering signals, the value 
of M may be increased to maintain or improve decoder 
performance. On the other hand, When the number of 
interfering signals decreases, the value of M may be 
decreased to a smaller value of M Which is still consistent 
With satisfactory decoder performance in order to conserve 
processor or battery resources. 

In one speci?c example embodiment, the present inven 
tion adapts the trellis decoding complexity based on a 
current channel condition in a communications system using 
a best received signal from plural diversity antennas. Each 
of the receiver’s plural diversity antennas receives a trans 
mitted signal made up of a sequence of coded symbols. A 
received signal from one of the plural antennas having the 
highest signal quality is selected by the receiver and then 
decoded using a trellis decoding procedure Which employs 
a variable number M of trellis survivor paths or states, Where 
M depends on the quality of the received signal. By selecting 
the antenna producing a received signal With the highest 
signal quality, the variable number M is reduced to a greater 
extent than it otherWise Would be if a Weaker, loWer quality 
signal received by another of the antennas Were used. As an 
alternative to selecting the received signal from only one of 
the plural diversity antennas, another embodiment of the 
present invention selectively Weights and then combines the 
Weighted signals from the plural antennas to generate a 
combined signal. The received signal from one of the 
antennas having the highest signal quality is most heavily 
Weighted in the combined signal. 

In general, the variable number M is varied as a function 
of the current quality of the communications channel. In a 
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receiver using diversity antennas, signals received from each 
of the plural diversity antennas are detected and stored, and 
a channel quality indicator is determined for each stored 
signal. The stored signal having the highest channel quality 
indicator is selected, and the value of the variable M is 
determined based on that highest channel quality indicator. 
The stored, received signal is then decoded using that 
recently determined number of trellis survivor paths or 
states. More speci?cally, if the highest channel quality 
indicator is greater than a threshold, the value of M is 
decreased. On the other hand, if the highest channel quality 
indicator is less than that threshold, the value of M is 
increased. Signal quality of each received signal is deter 
mined based on received signal strength, and in one example 
preferred embodiment, is based on an average faded signal 
amplitude of the received signal. 

In essence, the value of M is adapted With the channel 
condition as re?ected in the received channel quality indi 
cator. The value of M is increased When the channel con 
dition is poor, and the value of M is decreased When the 
channel condition is good. The complexity of the variable-M 
decoding procedure is proportional to the ratio of time 
during Which the channel condition is good relative to When 
the channel condition is poor. The present invention 
improves this ratio using antenna diversity, and as a result, 
loWers the transmit poWer required to achieve a given bit 
error rate by the receiver decoder relative to use of the same 
variable M decoding procedure Without antenna diversity. 
LoWering transmit poWer reduces battery drain for trans 
mitting portable radio transceivers and reduces adjacent 
channel interference caused by transmitters in ?xed, base 
station type transceivers. For a given transmit poWer, the 
present invention reduces decoding complexity, and there 
fore reduces battery drain by the receiver, or improves 
decoding performance in terms of reducing the number of 
bit errors Without increasing battery drain by the receiver. 

Similar to the diversity antenna selection example 
described above, the present invention may also be advan 
tageously applied to a symbol interleaving and/or frequency 
hopping communications system. Both symbol interleaving 
and frequency hopping improve the quality of received 
signals Which permits the use of a smaller value of M in 
accordance With the invention. These and other features and 
advantages of the present invention Will become apparent 
from the folloWing description of the draWings and from the 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graphical illustration of a trellis; 
FIG. 2 is a function block diagram of one example 

communications system in Which the present invention may 
be employed; 

FIG. 3 is a ?oWchart diagram outlining basic procedures 
for implementing the variable stage trellis decoding algo 
rithm in accordance With the present invention; 

FIG. 4 is a ?oWchart diagram outlining speci?c proce 
dures for implementing a speci?c example embodiment of 
the variable stage trellis decoding algorithm Where the 
communications system parameter is current communica 
tions channel quality; and 

FIG. 5 is a graph illustrating the performance of the 
reduced complexity trellis decoding procedure in accor 
dance With the present invention as compared With the 
traditional, higher complexity Viterbi trellis decoding pro 
cedure. 

FIG. 6 is a more detailed function block diagram of the 
receiver branch shoWn in FIG. 2 in accordance With an 
example embodiment of the invention; 
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6 
FIG. 7 is a ?oWchart diagram outlining the trellis decod 

ing procedure using a variable number of M trellis states and 
antenna diversity in accordance With an example embodi 
ment of the invention; and 

FIG. 8 is a graph illustrating the performance of the 
reduced complexity, variable-M trellis decoding procedure 
Which incorporates antenna diversity in accordance With an 
example embodiment of the invention as compared to the 
variable-M trellis decoding procedure Without antenna 
diversity. 

DETAILED DESCRIPTION OF THE DRAWINGS 

In the folloWing description, for purposes of explanation 
and not limitation, speci?c details are set forth, such as 
particular circuit arrangements, techniques, etc. and in order 
to provide a thorough understanding of the present inven 
tion. HoWever, it Will be apparent to one skilled in the art 
that the present invention may be practiced in other embodi 
ments that depart from these speci?c details. In other 
instances, detailed description of Well-known methods, 
devices, and circuits are omitted so as not to obscure the 
description of the present invention With unnecessary detail. 

Referring to FIG. 2, an overall function block diagram of 
an example communications system 10 Which may employ 
the present invention is shoWn. While the present invention 
is particularly Well suited to radio communications including 
both ?xed and portable radios, it is applicable to other 
communications environments as Well. 

On the transmit side, the information signal to be 
transmitted, i.e., a sequence of symbols, is encoded by a 
trellis code modulation (TCM) and differential encoder 12. 
If the encoded symbols are being transmitted on a slotted 
communications channel, for example, using Well-known 
time division multiplex (TDM) techniques, a symbol inter 
leaver 14 is desirable (although not necessary) to break up 
or “shuffle” symbol sequence segments into different time 
slots. Interleaving is particularly effective in communication 
channels subject to fading because symbol segments 
received under poor channel conditions are interspersed With 
symbol segments received under good channel conditions. 
The symbols may be complex and are represented by tWo 
components, namely a real value I (in-phase) and an imagi 
nary value Q (quadrature). The in-phase and quadrature 
components are passed through parallel processing 
branches. Each component is passed through a transmit ?lter 
18a, 18b, converted in digital-to-analog (D/A) converters 
20a, 20b, and frequency shifted by quadrature modulators 
22a, 22b. The quadrature modulated signals are then mixed 
in summer 24 and sent to an RF ampli?er 26 Which increases 
the gain of the signal. The RF ampli?er 26 passes the 
ampli?ed signal to one or more antennas 28a . . . 2811 for 

transmission. Conventional frequency hopping techniques 
may be used to “hop” betWeen multiple carrier frequencies 
With each frequency carrying only a portion of the symbols. 
One or more antennas 30A. . . 30N at the receiver side of 

the communications system 10 receive the signal. In a 
receive antenna diversity application, diversity antennas 
30A. . . 30N may be incorporated in ?xed radio transceivers 
such as base station transceivers/repeaters and in portable/ 
mobile radios. The received signals from each of the plural 
diversity antennas 30A. . . 30N are processed using respec 
tive radio ampli?cation and doWnconversion paths. 
HoWever, for simplicity, only a single doWnconversion path 
is illustrated and described in FIG. 2. 

One antenna signal (or a combination of signals from the 
diversity antennas) passes through a ?ltering and RF pream 
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pli?er stage 32 to a ?rst doWnconverter 34 Which reduces the 
frequency (or frequencies in a frequency hopping system) of 
the received signal to an intermediate frequency. The inter 
mediate frequency signal is passed through an intermediate 
frequency receive ?lter 36, then through a second doWn 
converter 38 to produce a (loW pass) ?ltered baseband 
signal. Although the IF doWnconversion is desirable, it is of 
course not necessary to implement the present invention. 
The ?ltered baseband signal is then converted into a com 
plex signal having in-phase (I) and quadrature (Q) compo 
nents by signal processor 39. The in-phase and quadrature 
signals are digitiZed by analog-to-digital (A/D) converters 
40a, 40b and passed through complex signal generator 42 
Which converts differential phase information into a 
sequence of symbols. Deinterleaver 44 reconstitutes inter 
leaved slots of information (i.e., it performs the reverse 
shuf?ing operation to undo the shuffling operation per 
formed by interleaver 14). TCM decoder 46 processes this 
symbol stream using a trellis decoding technique described 
in further detail beloW to recover the transmitted signal 
information. Signal tracker 48 estimates an average faded 
signal strength of an analog signal output from the IF stage 
38 or from samples of the received signal from the deinter 
leaver 44. In a preferred embodiment, deinterleaver 44, 
TCM decoder 46, and signal tracker 48 are implemented 
using a suitably programmed microprocessor and/or digital 
signal processing circuitry. 

The TCM decoder 46 is a maximum likelihood sequence 
estimation (MLSE) trellis decoder that develops a trellis of 
nodes and branches (similar to that shoWn in FIG. 1 and 
described in the background of the invention) for decoding 
sequences of symbols received on the communications 
channel. Each set of nodes in the trellis represents all 
possible values of a received symbol at one time instant. 
Transition betWeen a node or state at one time instant to a 

node or state at another time instant is referred to as one 
stage of the trellis. Each stage typically includes branches 
With each branch de?ning a speci?c transition betWeen 
nodes at sequential time instances, and each branch has an 
associated branch Weight or metric. Only the “survivor” 
branch into each node having the best (smallest) metric is 
retained. A linkage of branches betWeen nodes over multiple 
stages in the trellis de?nes a path through the trellis that 
represents a possible received symbol sequence. For each 
possible trellis path, the branch metrics associated With that 
path are accumulated or summed to provide a path metric. 
The path having the loWest accumulated metric is selected as 
the best path. 

The present invention determines Which of the survivor 
paths is through the trellis Will be maintained for purposes 
of decoding based on a current condition of the communi 
cations system. The other remaining survivor paths are 
discarded to simplify the decoding operation. In other 
Words, a variable number of M survivor paths upon Which 
trellis decoding of the received sequence of symbols is based 
depends on a current condition of the communications 
system. 

FIG. 3 outlines in ?oWchart form the general procedures 
for varying the number of M survivor paths to be used in the 
trellis decoding. The current communications system con 
dition is determined in step 50. Various examples of different 
communications system conditions Will be described in 
further detail beloW. In decision block 52, a decision is made 
Whether the current communications system condition is 
greater than or equal to a predetermined threshold. If it is, a 
loWer or small value of M is selected, or alternatively, the 
current M value is reduced (block 54). OtherWise, a larger 
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(or large) value of M is selected, or alternatively, the current 
value of M is increased (block 56). Once the current value 
of M is determined, trellis decoding using, for example, the 
Well-knoWn Viterbi algorithm is performed to determine the 
best estimate of the received symbol sequence. In essence, 
if the current communications system condition is deter 
mined to be suf?ciently optimal, Which is determined in this 
example by comparison With a threshold, the number of 
states or paths needed to satisfactorily (in terms of loW bit 
error rates) decode the received symbol sequence is rela 
tively small. On the other hand, if the current communica 
tions system condition is less than the threshold, a larger 
number of M is used to ensure satisfactory decoding per 
formance. 
One example of a useful communications system param 

eter is the quality of the communications channel. As already 
described above, the quality of any communications channel 
varies over time to some degree. In radio communications in 
particular, the quality of the communications channel 
changes rapidly (especially When the radio user is moving in 
a car) With the communications channel being subjected to 
fading, multipath dispersion, adjacent channel interference 
and co-channel interference from other users, noise, and 
other channel impairments. In this situation, the current 
quality of the communications channel is detected or deter 
mined signal tracker 48. If the current quality of the channel 
is greater than the threshold, meaning that the channel 
quality is good, a ?rst relatively small value of M is selected. 
Alternatively, if the current quality of the channel is less than 
a threshold value, indicating poor channel quality, another 
relatively large value of M is selected greater than the value 
of M selected if the channel quality is good. In practice, 
there are minimum (Mm-n) and maximum (Mmwc) limits on 
the value of M selected depending upon the particular 
application. 

Channel quality can be measured using a number of 
conventional channel quality indicators such as received 
signal strength, signal-to-noise ratio (SNR), signal to inter 
ference ratio (SIR), bit error rate (BER), etc. One preferred 
example indicator is averaged faded signal strength (AFSS) 
Which is a smoothed estimate of the channel amplitude of the 
received signal Which may be obtained using a channel 
tracking algorithm. Preferably, the channel tracking algo 
rithm loW-pass ?lters received signal samples to provide an 
estimate of the envelope of the amplitude of the received 
signal. More speci?cally, in a differentially encoded Phase 
Shift Keying (PSK) system, s(n), cn, and 11(n) represent a 
(complex baseband) transmitted symbol, a complex channel 
gain, and additive Gaussian noise, respectively, at time n. If 
y(n) is the received signal, and r(n) is the signal at the output 
of the complex symbol generator 42, then y(n) and r(n) may 
be expressed as folloWs: 

y(n) : W501) +11” (l) 

r(n) = WWW" ~ 1) = ION") HIHIICnASW — 1) + 712141]: (2) 

: pcncjklysmb‘lm -— l) 4 

624M -- 1mm) + 0.50011‘ <11 -- 1> + 11.11.11 

m2 

r(n) : ante/M" + 11;, (3) 

Where M)” is the differential phase angle at time n (satisfying 
the relation s(n)=s(n—1) e’M’”), and an=cnc*n_1=|cn|2 is a 
measure of the energy of the faded signal. In a fading 
channel, the channel gain cn varies With time. The AFSS 
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algorithm obtains the average fade signal strength 21,, (an 
averaged value of an), and tracks its variation over time by 
executing the folloWing equations: 

1%. = min m”) -- able/M12. <4) 
.L' 

k : O, I, ...(all possible transmitted phase angles) 

(6) 

Where y is a real number in the range (0,1). The value of y 
controls the extent of smoothing (to minimize the effect of 
noise). A typical value is y=0.8. 

FIG. 4 illustrates in ?oWchart diagram format one pre 
ferred example embodiment for implementing the present 
invention Where the communications system parameter is 
channel quality. InitialiZation procedures are performed in 
block 100 to select Mmin, Mmax, the channel quality thresh 
old value T, a poor channel holding WindoW A, and a retrace 
stage depth 6,. The initialiZation parameters MminMmwc, T, 
A, and 6, are chosen depending upon the particular com 
munications application and can often be effectively deter 
mined using simulation tests. The current channel quality is 
determined in block 102 using for example an AFSS pro 
cedure as described above. One stage of the M state trellis 
decoding procedure is performed folloWing the Well-knoWn 
Viterbi decoding procedures to M set equal to Mmin (block 
104). A decision is made in block 106 Whether the current 
channel quality is greater than or equal to the channel quality 
threshold T. If it is, the decoding procedure is continued With 
M set to its minimum value Mmin thereby reducing the 
complexity of the trellis decoding operation. HoWever, if the 
current channel quality is less than the channel quality 
threshold T, the value of M is set to its maximum value Mmwc 

(block 108). 
Rather than continuing on in the trellis decoding operation 

assuming that the just recently decoded stages of the trellis 
Were accurately decoded, the present invention takes into 
account the fact that these just recently decoded stages of the 
trellis Were likely to have been adversely impacted by the 
neWly detected poor channel quality. Therefore, the decod 
ing operation is repeated for a number 6, of last stages by 
retracing that number 6, of stages in the trellis and restarting 
the trellis decoding algorithm (block 110). This retrace 
procedure ensures a high degree of reliability in decoding 
accuracy. 

Control proceeds to block 112, Where A stages of the 
M-siZed trellis decoding algorithm are performed With M set 
equal to Mmax. Another decision is made at block 114 to 
determine Whether the current channel quality is less than 
the threshold T Within the A stages. If it is, the M state 
decoding procedure is continued at block 112 With M set at 
Mmax. HoWever, if the current channel quality is greater than 
or equal to the threshold T, a neW, smaller value of M is 
generated in block 116 re?ecting the current trend that 
reduced decoding complexity may be appropriate in vieW of 
the recently improved channel quality. But rather than 
immediately setting the neW value of M to Mmin, the present 
invention employs a more conservative “pruning” proce 
dure. Namely, the value of M is halved in each successive 
stage of the trellis until it reaches Mmin. Thus, When the 
channel improves, the present invention employs the poor 
channel holding WindoW A and the controlled M-reduction 
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or pruning procedure to ensure that the channel condition 
remains at the improved level before M is set to Mmin. The 
M state decoding procedure is performed With the neW 
smaller value of M in block 118 being reduced again, if 
possible, in block 116 until it reaches Mmin (block 120). 
Control returns to block 102 to repeat the above-described 
operation recursively decoding received symbols at the 
loWest, optimal level of decoding complexity to ensure 
satisfactory decoding performance. 

FIG. 5 illustrates the performance of the present invention 
With reduced complexity as compared to the traditional full 
complexity Viterbi algorithm. Bit error rate (BER) is applied 
on the vertical axis With the signal-to-noise ratio (Eb/No 
[energy per bit to noise poWer spectral density]) plotted in 
dB on the horiZontal axis. In this practical illustration, the 
radio receiver is moving in a vehicle at a speed of 150 
KMPH. The full Viterbi search corresponds to a 64-state 
(M=64) demodulation scheme (indicated by asterisks), 
While the graph of the decoding scheme in accordance With 
the present invention uses a variable M (indicated by plus 
signs). Virtually the same decoding performance Was 
achieved by both procedures. HoWever, the present inven 
tion accomplished this decoding using an average of 10 and 
11 states (M=10—11) as compared to the full 64-state Viterbi 
algorithm. Thus, the complexity of the variable M algorithm 
employed by the present invention Was six times less 
complex When measured in terms of number of operations 
executed to decode the data. 

Other example embodiments using different communica 
tions system conditions are noW described. For example, the 
communications system condition may relate to the com 
plexity of the encoding scheme used by the transmitter TCM 
encoder 12. Codes With more memory potential (sometimes 
referred to as “constraint length” in the literature) exhibit 
better performance. HoWever, since decoding complexity 
increases exponentially With memory of the code, these 
codes cannot be easily used due to data processing con 
straints. Asmaller value of M may be varied in this instance 
to adapt the decoding procedure to a level best suited given 
a particular set of codes. 
Decoding procedures are performed using data processing 

circuitry, and oftentimes the data processing circuitry must 
perform a number of other tasks in a time share relationship. 
Another communications system condition relates therefore 
to the current data processing tasks to be performed by the 
data processing circuitry. The value of M is decreased if the 
current number of additional tasks to he performed is 
relatively large. In this Way, the data processing circuitry is 
relieved of the burden of a complex decoding process so that 
it may devote more processing resources to perform the 
other large number of pending tasks. On the other hand, the 
value of M can be increased, thereby improving the perfor 
mance of the decoder, if the current number of additional 
pending tasks is relatively small. 
When decoder performance is of primary concern, the 

value of M can be varied to maintain a predetermined level 
of decoder performance in response to changes in the quality 
of the communications channel. When M is relatively loW, 
the ?ll capacity of the data processing circuitry is not 
consumed by the operation of the trellis decoder. As a result, 
the excess capacity of the data processing circuitry can be 
devoted to other tasks having loWer priority. In the context 
of portable, battery-operated receivers, the value of M may 
be decreased Whenever consistent With decoder performance 
objectives in order to reduce the number of data processing 
tasks associated With the trellis decoding operation, and 
thereby, reduce battery drain. 
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The present invention may also be applied to a spread 
spectrum type receiver in Which plural encoded sequences of 
symbols transmitted by plural transmitters are received on a 
single communications channel. The value of M may be 
changed in response to changes in the number of interfering 
signals. When satisfactory performance of the decoder is 
degraded because of additional interfering signal, the value 
of M can be increased to maintain or improve decoder 
performance. On the other hand, When the number of 
interfering signals decreases, the value of M can be 
decreased to the smallest value of M consistent With satis 
factory decoder performance in order to conserve processor 
or battery resources. 

Another example embodiment of the present invention 
using diversity reception is noW described in detail. As 
shoWn in FIG. 2, the receiver may have multiple antennas 
and obtain relatively uncorrelated copies of the received 
signal from each antenna. The antennas are rendered uncor 
related by separating them spatially or using orthogonal 
polariZations. The receiver combines these uncorrelated 
copies of the received signal in a manner to improve signal 
quality, i.e., selecting the strongest signal based on average 
faded signal strength, co-phasing the signals to perform 
maximal-ratio-combining or equal gain combining, adding 
the branch metrics calculated for each of the multiple 
antennas, and adding the received signals to suppress 
interference, etc. If there are N antennas and K interferers 
and K<N, then interference can be reduced. All these meth 
ods improve signal quality, alloW the use of a small value of 
M, and reduce the variance of signal quality alloWing using 
a smaller range of Mmax, Mmin. 

FIG. 6 is a function block diagram Which shoWs in more 
detail the diversity antenna structure and one Way of pro 
cessing the signals received by each of the antennas in 
accordance With one example embodiment of the present 
invention. Signals received on each diversity antenna 
30A. . . 30N are treated as a separate channel, i.e., channel 
1 . . . channel N. Each channel is processed using its oWn 

dedicated front end processing circuitry 48A—48N Which 
performs such conventional tasks as RF preampli?cation 
and frequency doWnconversion. Once the signals are con 
verted to baseband, they are stored in a memory 50 Which 
individually stores each baseband signal in a respective 
buffer 50A . . . 50N. Signal processor 39 in FIG. 2 includes 

selection logic 52 Which determines a signal quality indica 
tor for each buffered signal. The selection logic 52 then 
selects the buffered received signal having the highest signal 
quality indicator for farther processing and decoding in the 
TCM decoder 46. Alternatively, selection logic 52 may 
selectively Weight the buffered signals based on their signal 
quality indicator and then combine the Weighted signals into 
a combined signal. The buffered signal corresponding to the 
diversity antenna having the highest signal quality is most 
heavily Weighted Which ensures that the combined signal 
substantially re?ects the best signal quality for that particu 
lar time instant. 

FIG. 7 outlines in ?oWchart form the general procedures 
for varying the number of M survivor paths to be used in the 
trellis decoding based on plural received signals by plural 
diversity antennas. The baseband signals from each diversity 
antenna are sampled and then buffered in step 60. The 
channel qualities for each demodulated sample correspond 
ing to each of the plurality of diversity antennas are then 
determined in step 62. As described above, the buffered 
sample With the best channel quality measure is selected, or 
alternatively, more heavily Weighted in step 64. A 
variable-M trellis decoding procedure is then performed in 
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step 66 in accordance With the procedures outlined in the 
?oWcharts illustrated in FIGS. 3 and 4 and described above. 

Accordingly, even further reductions in complexity cor 
responding to an even further reduced value of M are 
achieved using diversity antenna reception in accordance 
With the present invention as described above. Again, bit 
error rate is plotted on the vertical axis of the graph With 
signal-to-noise ratio (Eb/No) plotted in dB on the horiZontal 
axis. And again, the radio receiver is moving in a vehicle at 
a speed of 150 KMPH. The variable-M decoding scheme 
Without diversity reception is plotted using plus signs. The 
plot of the variable-M decoding procedure using diversity 
reception (indicated by asterisks) reveals that using an 
average of 5 to 7 states (M=5—7), approximately an addi 
tional 50% reduction in decoding complexity is achieved. 
Moreover, relative to the full 64-state Viterbi algorithm, the 
variable-M decoding procedure With diversity reduces the 
decoding complexity by a factor of 11. 

Thus, using diversity reception in conjunction With a 
variable-M decoding procedure, the present invention adapts 
the complexity of the trellis decoding procedure in accor 
dance With the current channel conditions. This approach is 
not only more e?icient in the sense of reduced decoding 
complexity, it also loWers the required transmitted poWer to 
achieve a ?xed bit error rate performance. In essence, the 
value of M is adapted With the channel condition as re?ected 
in the received channel quality indicator. The value of M is 
increased When the channel condition is poor, and the value 
of M is decreased When the channel condition is good. The 
complexity of the variable-M decoding procedure is propor 
tional to the ratio of time during Which the channel condition 
is good relative to When the channel condition is poor. The 
present invention improves this ratio using antenna 
diversity, and as a result, loWers the transmit poWer required 
to achieve a given bit error rate by the receiver decoder 
relative to use of the same variable M decoding procedure 
Without antenna diversity. LoWering transmit poWer reduces 
battery drain for transmitting portable radio transceivers and 
reduces adjacent channel interference caused by transmitters 
in ?xed, base station type transceivers. For a given transmit 
poWer, the present invention reduces decoding complexity 
and therefore reduces battery drain by the receiver or 
improves decoding performance in terms of reducing the 
number of bit errors Without increasing battery drain by the 
receiver. 
TWo further example applications of the present invention 

are brie?y described. First, multiple diversity transmitting 
antennas (see antennas 28a . . . 2811) may be used to transmit 
the same information to the receiver to improve signal 
quality. For example, the antenna having the better path to 
the receiver can be selected by the receiver based on the 
received signal on each antenna. Transmission along a better 
path offers better signal quality, and hence, a loWer value of 
M can be employed. 
A second further example application of the present 

invention relates to symbol interleaving and/or frequency 
hopping. Interleaving is used to “break-up” channel 
memory. If a sequence of symbols is sent and the symbols 
are highly correlated in time due to channel memory, decod 
ing performance Will be poor Whenever the channel condi 
tion is poor because all symbols are affected. HoWever, if the 
symbols are “shuf?ed” such that they are separated by other 
unrelated symbols, they are less likely to be equally affected 
by channel memory. Symbol interleaving When used With 
frequency hopping is particularly effective in improving 
signal quality because, in addition to separating symbols in 
time, those symbols are also separated in frequency. Groups 
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of time-separated symbols are transmitted at different carrier 
frequencies. At the receiver, the symbols are suitably 
deinterleaved and sent to the variable M-algorithm for 
decoding. The improved signal quality due to interleaving 
(in both time and frequency) alloWs the use of a loW value 
of M. 

While the invention has been described in connection 
With What is presently considered to be the most practical 
and preferred embodiment, it is to be understood that the 
invention is not to be limited to the disclosed embodiment, 
but on the contrary, is intended to cover various modi?ca 
tions and equivalent arrangements included Within the spirit 
and scope of the appended claims. For eXample, although 
the present invention is described in terms of post-detection 
diversity Where the buffered samples Were selected after the 
signals from the diversity antennas Were demodulated to 
baseband, the signal selection could be performed using 
predetection/demodulation diversity, i.e., at RF or IF fre 
quencies. Although the invention is described for trellis 
coded modulation, it can be used in demodulating block 
coded modulation, convolutional codes, block codes, partial 
response modulation such as continuous phase modulation 
and any set of signals that can be represented by a trellis. 
What is claimed is: 
1. In a communications system, a method for decoding 

encoded symbols transmitted over a communications 
channel, comprising the steps of: 

(a) developing a trellis structure of nodes and branches for 
decoding a sequence of symbols received on the com 
munications channel, each set of nodes in the trellis 
corresponding to a ?xed number of states representing 
possible values of a received symbol at one time 
instant, each branch de?ning a speci?c transition 
betWeen nodes at different time instants and having an 
associated branch Weight, Wherein a linkage of 
branches betWeen nodes in the trellis de?nes a path 
through the trellis that represents a possible symbol 
sequence; 

(b) determining a current condition of the communica 
tions system; 

(c) determining a variable number of survivor paths 
through the trellis, Wherein the determined value of the 
variable number of survivor paths varies depending on 
the determined condition of the communications sys 
tem determined in step (b) and is less than the ?Xed 
number of states in the trellis When the current com 
munications system condition meets a predetermined 
condition; and 

(d) decoding the sequence of received symbols using the 
determined number of survivor paths. 

2. The method in claim 1, step c including: 
selecting a ?rst value for the variable number of survivor 

paths if the current communications system condition is 
greater than or equal to a threshold, and 

selecting a second value for the variable number of 
survivor paths greater than the ?rst value of the variable 
number of survivor paths if the current status of the 
communications system condition is less than the 
threshold. 

3. The method in claim 1, step (c) including: 
increasing the value of the variable number of survivor 

paths if the current condition is less than the threshold 
up toWard the ?Xed number of states in the trellis, and 

decreasing the value of the variable number of survivor 
paths if the current condition is greater than or equal to 
the threshold. 
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4. The method in claim 3, Wherein after decreasing the 

value of the variable number of survivor paths and the 
current quality of the channel drops to less than the 
threshold, repeating steps (c) and (d) for the received 
sequence of symbols using an increased value for the 
variable number of survivor paths. 

5. The method in claim 1, Wherein the condition is a 
quality of the communications channel, said determining 
step (b) including: 

detecting the current quality of the communications 
channel, 

selecting a ?rst value for the variable number of survivor 
paths if the current quality of the communications 
channel is greater than or equal to a threshold, and 

selecting a second value for the variable number of 
survivor paths greater than the ?rst value if the current 
quality of the communications channel is less than the 
threshold. 

6. The method in claim 5, Wherein the current quality of 
the communications channel is determined based on a signal 
strength of the received signal. 

7. The method in claim 6, Wherein the communications 
channel is a fading channel and the signal strength corre 
sponds to an average faded signal amplitude of the received 
signal. 

8. The method in claim 1, Wherein the condition is a siZe 
of a coding memory of an encoding scheme used to encode 
symbols to be transmitted, step (c) including adjusting the 
value of the variable number of survivor paths to decode 
symbols encoded using an encoding scheme based on the 
siZe of the coding memory. 

9. The method in claim 1, Wherein steps (a)—(d) are 
performed using data processing circuitry, the data process 
ing circuitry performing additional other tasks in time 
shared fashion, and Wherein the condition is current data 
processing tasks to be performed by the data processing 
circuitry, step (c) including: 

decreasing the value of the variable number of survivor 
paths if a current number of the additional other tasks 
to be performed is relatively large, and 

increasing the value of the variable number of survivor 
paths if the current number of additional other tasks to 
be performed is relatively small. 

10. The method in claim 1, Wherein the communications 
system includes a portable, battery-operated receiver and 
steps (a)—(d) are performed using data processing circuitry, 
and Wherein the condition is a quality of the communica 
tions channel, step (c) including: 

decreasing the value of the variable number of survivor 
paths if the quality of the communications channel 
equals or eXceeds a threshold to reduce battery drain, 
and increasing the value of the variable number of 
survivor paths if the quality of the communications 
channel is less than said threshold to improve decoding 
performance. 

11. The method in claim 1, further comprising: 
receiving a number of signals including encoded 

sequences of symbols transmitted from plural users on 
the communications channel at a single receiver, 
Wherein the condition is the number of signals; 

increasing the value of the variable number of survivor 
paths for a relatively large number of received signals; 
and 

decreasing the value of the variable number of survivor 
paths for a relatively small number of received signals. 

12. The method in claim 5, Wherein the ?rst value 
corresponds to a minimum value of the variable number of 
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survivor paths and the second value corresponds to a maXi 
mum value, and Wherein after selecting the minimum value 
and the current quality of the channel drops to less than the 
threshold, increasing the value of the variable number of 
survivor paths in a controlled fashion. 

13. The method in claim 12, Wherein after increasing the 
value of the variable number of survivor paths and the 
current quality of the channel improves to greater than the 
threshold, maintaining the value of the variable number of 
survivor paths for one or more symbol periods before 
determining Whether to decrease the value of the variable 
number of survivor paths. 

14. The method in claim 13, Wherein after the one or more 
symbol periods, the value of the variable number of survivor 
paths is halved in successive stages of the trellis to a 
minimum value While the current condition of the commu 
nications channel continues to equal or eXceed the threshold. 

15. A communications system, comprising: 
a transmitter having an encoder for trellis encoding a 

sequence of symbols and transmitting the trellis 
encoded symbols over a communications channel; 

a receiver for receiving the trellis encoded symbols trans 
mitted over the communications channel and having a 
trellis decoder including electronic circuitry for per 
forming the steps of: 
(a) developing a trellis structure of nodes and branches 

for decoding a sequence of symbols received on the 
communications channel, each set of nodes in the 
trellis corresponding to a ?xed number of states 
representing possible values of a received symbol at 
one time instant, each branch de?ning a speci?c 
transition betWeen nodes at different time instants 
and having an associated branch Weight, Wherein a 
linkage of branches betWeen nodes in the trellis 
de?nes a path through the trellis that represents a 
possible symbol sequence; 

(b) determining a current condition of the communica 
tions system; 

(c) determining a variable number of survivor paths 
through the trellis, Wherein the value of the variable 
number of survivor paths depends on the condition 
of the communications system determined in step (b) 
and may differ from the ?Xed number of states in the 
trellis and Wherein the value of the variable number 
of survivor paths is less than the ?Xed number of 
states in the trellis When the condition of the com 
munication system satis?es a predetermined condi 
tion; and 

(d) decoding the sequence of received symbols using 
the the variable number of survivor paths survivor 
paths. 

16. The system in claim 15, Wherein the condition is a 
quality of the communications channel and the electronic 
circuitry detects the current quality of the communications 
channel, selects a ?rst value for the variable number of 
survivor paths if the current quality of the communications 
channel is greater than or equal to a threshold, and selects a 
second value for the variable number of survivor paths 
greater than the ?rst value if the current quality of the 
communications channel is less than the threshold. 

17. The system in claim 15, Wherein the electronic cir 
cuitry increases the value of the variable number of survivor 
paths if the current condition is less than a threshold, and 
decreases the value of the variable number of survivor paths 
if the current condition is greater than or equal to the 
threshold. 

18. The system in claim 17, Wherein after decreasing the 
value of the variable number of survivor paths and the 
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current quality of the channel drops to less than the 
threshold, the electronic circuitry repeats steps (c) and (d) 
for the received sequence of symbols using an increased 
value of the variable number of survivor paths. 

19. The system in claim 18, Wherein after increasing the 
value of the variable number of survivor paths and the 
current quality of the channel improves to greater than the 
threshold, the electronic circuitry maintains the value of the 
variable number of survivor paths at its current value for one 
or more symbol periods before determining Whether to 
decrease the value of the variable number of survivor paths. 

20. The system in claim 19, Wherein after the one or more 
symbol periods, the electronic circuitry halves the value of 
the variable number of survivor paths in successive stages of 
the trellis to a minimum value While the current condition of 
the communications channel continues to equal or eXceed 
the threshold. 

21. The system in claim 15, Wherein the condition is a siZe 
of a coding memory of an encoding scheme used to encode 
symbols to be transmitted, step (c) including adjusting the 
value of the variable number of survivor paths to decode 
symbols encoded using an encoding scheme based on the 
siZe of the coding memory. 

22. The system in claim 15, Wherein said electronic 
circuitry performs additional tasks other than tasks related to 
performing steps (a)—(d) in time share fashion, and Wherein 
the condition is current data processing tasks to be per 
formed by the electronic circuitry, the electronic circuitry 
decreasing the value of the variable number of survivor 
paths if a current number of the additional other tasks to be 
performed is relatively large, and increasing the value of the 
variable number of survivor paths if the current number of 
additional other tasks to be performed is relatively small. 

23. The system in claim 15, Wherein the receiver includes 
a battery for portable battery operation and the electronic 
circuitry performs additional tasks other than tasks related to 
performing steps (a)—(d) and the condition is current data 
processing tasks to be performed by the electronic circuitry, 
the electronic circuitry decreasing the value of the variable 
number of survivor paths if a current number of total tasks 
to be performed is relatively large to decrease poWer 
required by the electronic circuitry, and increasing the value 
of the variable number of survivor paths if the current 
number of total tasks to be performed is relatively small. 

24. The system in claim 15, further comprising plural 
transmitters, Wherein the receiver receives a number of 
signals including encoded sequences of symbols transmitted 
from the plural transmitters on the communications channel, 
Wherein the condition is the number of signals; 

increasing the value of the variable number of survivor 
paths for a ?rst number of received signals; and 

decreasing the value of the variable number of survivor 
paths for a second number of received signals smaller 
than the ?rst number. 

25. In a communications system, a method for decoding 
encoded symbols transmitted over a communications 
channel, comprising the steps of: 

(a) developing a trellis structure of nodes and branches for 
decoding a sequence of symbols received on the com 
munications channel, each set of nodes in the trellis 
corresponding to a ?Xed number of states representing 
possible values of a received symbol at one time 
instant, each branch de?ning a speci?c transition 
betWeen nodes of nodes sets at different time instants 
and having an associated branch Weight, Wherein a 
linkage of branches betWeen nodes in the trellis de?nes 
a path through the trellis that represents a possible 
symbol sequence; 
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(b) determining a quality of the communications channel; 
(c) comparing the channel quality to a threshold; 
(d) determining a variable number of survivor paths 

through the trellis, 
(e) if the compared channel quality equals or exceeds the 

threshold, setting the value of the variable number of 
survivor paths to a small value less than the number of 
?xed states in the trellis, and 

(f) performing a trellis decoding stage of the sequence of 
received symbols using only the smaller value of 
survivor paths, and returning to step (b) 

if the compared channel quality is less than the threshold, 
setting the value of M to a larger value and performing 
one or more stages of trellis decoding before returning 
to step 

26. The method in claim 25, (e) further comprises: 
retracing a preset number of stages in the trellis and 

performing trellis decoding With an increased value of 
the variable number of survivor paths. 

27. The method in claim 26, further comprising: 
after retracing, checking Whether the current channel 

quality is less than the threshold; and 
if the current channel quality is less than the threshold 

after performing the predetermined number of stages of 
trellis decoding, performing a next predetermined num 
ber of stages of trellis decoding in a further increased 
value of the variable number of survivor paths. 

28. The method in claim 25, Wherein if after setting the 
value for the variable number of survivor paths to the 
relatively large value, a current channel quality is deter 
mined to be greater than or equal to the threshold for a 
predetermined number of trellis decoding stages, setting a 
neW value for the variable number of survivor paths less than 
the relatively large value. 

29. The method in claim 28, Wherein the neW value is set 
to the larger of the relatively large value of the variable 
number of survivor paths divided by 2 and a minimum value 
of the variable number of survivor paths. 

30. The method in claim 25, Wherein the current quality 
of the communications channel is determined based on a 
signal strength of the received signal. 

31. The method in claim 25, Wherein the communications 
channel is a fading channel and the signal strength corre 
sponds to an average faded signal strength of the received 
signal. 

32. The method in claim 25, Wherein the communications 
channel is slotted and the sequence of encoded symbols is 
divided into portions With different portions being inter 
leaved into different slots on the communications channel 
before transmission, and Wherein before step (a), the method 
includes deinterleaving the received sequence of symbols. 

33. In a communications system, a method for decoding 
in a radio receiver encoded symbols transmitted over a 
communications channel, the radio receiver having plural 
antennas for receiving a transmitted signal including a 
sequence of coded symbols, comprising trellis decoding the 
received signal using a variable number of survivor paths of 
trellis survivor paths that differs from a ?xed number of 
states in the trellis Where the variable number of survivor 
paths is reduced by selecting a received signal from one of 
the plural antennas having a highest signal quality thereby 
reducing the complexity of the trellis decoding procedure. 

34. The method in claim 33, further comprising: 
detecting and storing signals received from each of the 

plural antennas; 
determining a channel quality indicator for each stored 

signal; 
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selecting the stored signal With the highest channel quality 

indicator. 
35. The method in claim 34, further comprising: 
decreasing the value of the variable number of survivor 

paths if the highest signal quality is greater than or 
equal to a threshold, and 

increasing the value of the variable number of survivor 
paths if the highest signal quality is less than the 
threshold. 

36. The method in claim 34, further comprising: 
selecting a ?rst value for the variable number of survivor 

paths if a current highest signal quality is greater than 
or equal to a threshold, and 

selecting a second value for the variable number of 
survivor paths greater than the ?rst value if the current 
highest signal quality is less than the threshold. 

37. The method in claim 36, Wherein signal quality is 
determined based on a signal strength of the received signal. 

38. The method in claim 33, further comprising: 
(a) developing a trellis structure of nodes and branches for 

decoding the sequence of symbols received on the 
communications channel, each set of nodes in the trellis 
representing possible values of a received symbol at 
one time instant, each branch de?ning a speci?c tran 
sition betWeen nodes at different time instants and 
having an associated branch Weight, Wherein a linkage 
of branches betWeen nodes in the trellis de?nes a path 
through the trellis that represents a possible symbol 
sequence; 

(b) accumulating for each trellis path an accumulated 
Weight; and 

(c) determining the the variable number of survivor paths 
survivor paths through the trellis based on respective 
accumulated path Weights for each trellis path. 

39. A communications system, comprising: 
a transmitter having an encoder for trellis encoding a 

sequence of symbols and transmitting the trellis 
encoded symbols over a communications channel; and 

a receiver having plural antennas for receiving transmitted 
signals including a sequence of trellis-encoded symbols 
transmitted over the communications channel and a 
trellis decoder including electronic circuitry that trellis 
decodes a received signal using a variable number of 
trellis survivor paths that may differ from a ?xed 
number of states in the trellis and optimally varies the 
variable number of survivor paths by selecting the 
received signal from one of the plural antennas having 
a highest signal quality to reduce the complexity of the 
trellis decoding procedure. 

40. The communications system in claim 39, Wherein the 
signal quality is determined based on a signal strength of the 
received signal. 

41. The communications system in claim 39, Wherein the 
receiver determines a current signal quality condition of the 
communications channel for signals received by each of the 
antennas and the trellis decoder varies the variable number 
of survivor paths based on the determined current signal 
quality condition for the selected received signal. 

42. The communications system in claim 41, Wherein the 
trellis decoder decreases the variable number of survivor 
paths if the signal quality is greater than or equal to a 
threshold, and increases the variable number of survivor 
paths if the signal quality is less than the threshold. 

43. In a communications system, a method for decoding 
in a receiver encoded symbols transmitted over a commu 
nications channel, the receiver having plural antennas for 
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receiving a transmitted signal including a sequence of coded 
symbols, comprising trellis decoding the received signal 
using a variable number of trellis survivor paths Where the 
variable number of survivor paths is optimally varied by 
selectively Weighting and then combining the received sig 
nals from the plural antennas to generate a combined signal 
such that a received signal having the best signal quality is 
the most heavily Weighted in the combination, Wherein the 
use of the variable number of survivor paths reduces the 
compleXity of the trellis decoding procedure. 

44. The method in claim 43, further comprising: 
decreasing the value of the variable number of survivor 

paths if an overall signal quality of the combined signal 
is greater than or equal to a threshold, and 

increasing the value of the variable number of survivor 
paths if the highest signal quality is less than the 
threshold. 

45. The method in claim 43, further comprising: 
selecting a ?rst value for the variable number of survivor 

paths if an overall signal quality of the combined signal 
is greater than or equal to a threshold, and 
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selecting a second value for the variable number of 

survivor paths greater than the ?rst value if the overall 
signal quality of the combined signal is less than the 
threshold. 

46. In a communications system, a method comprising: 

encoding a sequence of symbols; 

separating portions of the sequence of encoded symbols in 
time or frequency; 

transmitting the separated portions; 
receiving the separated portions and combining the sepa 

rated portions into the sequence of symbols; and 

trellis decoding the received signal using a variable num 
ber of trellis survivor paths Where the variable number 
of survivor paths used in the trellis decoding is reduced 
as a result of the separating step. 

47. The method in claim 46, Wherein the separating step 
includes separating the portions in both time and frequency. 

* * * * * 


